Abstract -Vegetation-environment relationships were investigated in a large doline of the Mecsek Mts (South Hungary). To reveal the vegetation pattern, we collected vegetation data and environmental variables along a 243 m long transect. A total of 144 vascular plant species and 4 vegetation types were identified in the doline. We found that both the species composition and the vegetation pattern are significantly influenced by air temperature, air humidity, soil moisture and altitude. Our results confirm the putative temperature and vegetation inversion in the doline.
Introduction
Karst surfaces and environments are extremely vulnerable to degradation and pollution (CALÓ and PARISE 2006, BREG 2007) , thus they are currently in the focus of research and conservation efforts. Dolines are funnel-and bowl-shaped closed depressions formed by water infiltration, which range from a few meters to a few hundred meters in diameter and depth (VERESS 2004) .
At night, cold-air lakes develop in the depressions (BÁRÁNY-KEVEI 1999) , resulting in low air temperatures and high air humidities, which in turn strongly influences the composition of local flora and vegetation (BECK-MANNAGETTA 1906 , MORTON 1936 , ÖZKAN et al. 2010 . Many karst depressions around the world have developed into excellent refuge areas for relict, mountain (HORVAT 1953) and endemic species (EGLI et al. 1990, BRULLO and GIUSSO DEL GALDO 2001) , which play a central role in the knowledge about vegetation history.
The study was carried out in the karst area of 30 km 2 in the Mecsek Mountains (South Hungary), near the city of Pécs. Sub-Mediterranean type, middle-aged oak-hornbeam (Asperulo taurinae-Carpinetum Soó et Borhidi in Soó 1962) and beech forests (Helleboro odori-Fagetum Soó et Borhidi in Soó 1960) dominate the present vegetation of the plateaus
Material and methods
Our surveys were conducted in a large (diameter > 200 m) and deep (depth > 25 m) doline of the Mecsek Mountains. The herb layer was sampled along a 2 m wide and 243 m long transect consisting of 1 m × 2 m contiguous plots (Figs. 1, 2) . The transect was established in a north-south direction traversing the deepest point of the depression. Each plot was surveyed twice: in summer 2008 and spring 2009. In addition, a complete plant species list was compiled for the total area of doline. The total area included the area of the slopes (where the slope angle was over 10°) and the area of the edge (an approximately 15-20 m wide stripe around the doline where the slope angle was less than 10°). 
Presence-absence data were analysed using hierarchical classification (HC; Complete link, Sorensen index) to identify the vegetation types on the slopes. However, field observations were also performed to specify the result of the classification. Cluster analysis was done with the program package SYN-TAX 2000 (PODANI 2001 .
Air temperature (°C) and humidity (%) were measured for 24 hours by SN21140CA sensors 25 cm above the ground surface in 50 sampling plots at 5 m intervals. SpectrumFieldscout TDR-300 was used to detect soil moisture values (%; in 12 cm depth) at the same 50 plots. All measures were carried out in summer, after a dry period, under clear weather conditions. Slope angles were also measured along the transect, from which altitude values were calculated for each plot.
We performed constrained ordinations using the Vegan R package (OKSANEN et al. BÁTORI Z., GALLÉ R., ERDÕS L., KÖRMÖCZI L. used a series of the linear ordination method, redundancy analysis (RAO 1964) to identify parameters that explain significant variation of species. We calculated the marginal and conditional effect of each term and assessed their significance using Monte-Carlo permutation tests with 5000 permutations (e.g. MUFF et al. 2009, GALLÉ and TORMA 2009) . The following data were used in the analysis: presence-absence data of species, mean air temperature, mean air humidity, soil moisture and altitude values (Fig. 3) . For interpretability, data of the summer aspect were used only in the redundancy analysis.
Figures were prepared with Microsoft EXCEL and Adobe Photoshop CS2. Plant community names were used according to BORHIDI (2003) , while the names of plant taxa follow SIMON (2000) .
Results
A total of 144 vascular plant species were detected in the doline (Fig. 1, Tab. 1 ). We found a strong correlation between species composition and doline morphology. Some species occur in every part of the doline (e.g. Asarum europaeum, Cardamine bulbifera, Fraxinus excelsior), while others occur only on the south-facing slope (e.g. bottom is the most important, because it preserves the highest number of mountain species (e.g. Aconitum vulparia, Actaea spicata, Asplenium scolopendrium, Dryopteris affinis and Polystichum aculeatum). The glacial relict plant Stachys alpina was found only on the upper part of the north-facing slope. Species cover is also strongly correlated with slope position and exposition along the transect (Fig. 2) . For example, Festuca drymeja is abundant only on the south-facing slope, Allium ursinum and Cardamine enneaphyllos on the north-facing slope and in the doline bottom, while Galeobdolon luteum s.l. is abundant only in the doline bottom. Summary statistics for redundancy analysis are shown in table 2. The subsequent Monte-Carlo permutation test indicates the significance of both the marginal and the conditional effect of the studied parameters (p < 0.001). The redundancy analysis triplot shows that doline vegetation is arranged along a moisture and temperature gradient (Fig. 3) . The south-facing edge and south-facing slope are the driest and warmest, while the doline bottom is the moistest and coldest. Plots of the north-facing edge and north-facing slope occupy a transitional area in the ordination space. The maximum mean diurnal air temperature was detected in a plot of the south-facing edge (19.87°C) and the minimum in a plot of the doline bottom (17.56°C). In contrast, the maximum (57.9%) and minimum (7.3%) soil moisture, and the maximum (93.86%) and minimum (78.58%) mean diurnal air humidity values showed a reverse distribution.
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Discussion
Our study revealed the close relationships between the variation of geomorphological and vegetation pattern in a karst depression at the spatial scale of the study. The most important finding of this study is that the vegetation pattern is strongly correlated with slope exposition and the depth of the doline.
A former study by BÁTORI et al. (2009) showed that plant associations of the karst of Mecsek Mountains are arranged along a moisture and nutrient gradient. However, despite being the first detailed description of the doline vegetation and its surroundings of this area, that study only addressed the large-scale vegetation pattern (Braun-Blanquet scale) of the bottom of the dolines, and used exclusively ecological-indicator values to reveal the habitat conditions in the depressions.
In contrast, our present study reveals the fine-scale vegetation pattern along a doline transect and shows that there are remarkable differences among the species composition of the south-facing slope, the north-facing slope and the bottom of the doline. This is a consequence of the special microclimate that often determines both abiotic and biotic parameters of karst depressions (GEIGER 1950 , WHITEMAN et al. 2004 , GARGANO et al. 2010 , OZIMEC et al. 2010 , VRBEK et al. 2010 . In Hungary, south-facing slopes receive higher solar radiation (JAKUCS 1971) , which affects temperature, air humidity and soil moisture, and ultimately, affects the vegetation. In the case of the investigated doline, mixed-oak forests cover the major part of the south-facing slope. In contrast, the north-facing slope receives lower solar radiation, which results in lower mean temperatures and lower evapotranspiration. Due to the cooler climate, the north-facing slope and the lower part of the south-facing slope are covered by beech forests. Therefore, a vegetation inversion is formed, which is a common phenomenon in karst depressions (BECK-MANNAGETTA 1906 , HORVAT 1953 , LAUSI 1964 , FAVRETTO and POLDINI 1985 . The vegetation pattern also changes in the bottom of the doline, where the special ecological conditions have led to the development of a ravine forest. Our results are in good agreement with those of HOYK (1999), who pointed out that dolines of the Mecsek Mts play an important role in the landscape due to their characteristic shape and valuable flora.
Considering the special microclimatic conditions, geomorphological features, vegetation pattern and species composition, dolines are especially important and valuable for scientific research and nature conservation. 
